Malignancies are one of the leading causes of mortality in women during their reproductive life. Treatment of gynecological malignant tumors during pregnancy is possible but not simple, since it creates a conflict between care of the mother and the fetus. BC is the most prevalent malignancy diagnosed in pregnancy, ranking up to 21% of all pregnancy-related malignancies. Due to its stets increasing prevalence, aggressive cancer subtype, and severe ethical and psychological aspects linked to the disease, experts raise an alarm for an acute necessity to improve the overall management of the PABC-the issue which has strongly motivated our current paper. Comprehensive research data and clinical experience accumulated in recent years have advanced our understanding of the disease complexity. PABC treatment must be individualized with an emphasis on optimal care of the mother, while observing standard treatment protocols with regard to safety of the fetus. Treatment protocols should be elaborated based on the individualized patient profile, bearing in mind the acute danger to the mother, maximizing the therapy efficacy and minimizing harmful effects to the fetus. Complex consulting on treatment options, their impacts on pregnancy and potential teratogenic effects requires tight Bdoctor-patient^collaboration. Complications that may arise due to the treatment of breast cancer in pregnancy require a multiprofessional expertise including oncologists, neonatologists, perinatologists, obstetricians, teratologists, and toxicologists, and an extensive psychological support throughout the pregnancy and after giving birth. Thereby, specifically psychological aspects of PABC diagnosis and follow-up are frequently neglected, being not yet adequately explored in the entire disease management approach. Herewith, we update the status quo regarding the currently available diagnostic modalities, complex treatment algorithms, and novel clinical approaches which altogether argue for an urgent necessity of a paradigm shift moving away from reactive to predictive, preventive, and personalized medical approach in the overall management of PABC meeting the needs of young populations, persons at high risk, affected patients, and families as the society at large.
Introduction
Currently, breast cancer (BC) epidemic is characterized by around two million of new cases and a half of million disease-related deaths noticed annually in the world [1] . Furthermore, BC is the most prevalent malignancy diagnosed in pregnancy, ranking up to 21% of all pregnancy-related malignancies [2, 3] . Depending on the applied definition, geographic region, specific including and excluding criteria of corresponding statistical analysis, the incidence of PABC represents 15-35 cases/100,000 births, 1/3000 pregnancies, or between 1 and 21% of PABC prevalence, as it has been recently overviewed [4] . The Pregnancy Associated Breast Cancer (PABC) is most commonly defined as BC diagnosed during pregnancy or within 2 years post-delivery [5] . Due to its stets increasing prevalence, aggressive cancer subtype, and severe ethical and psychological aspects linked to the disease, experts raise an alarm for an acute necessity of the PABC dedicated studies (consolidated definitions, population studies, international database, disease etiology, molecular mechanisms) and innovative approaches for more adequate PABC management based on predictive and preventive medical services such as innovative screening programs adapted to the needs of young populations, predictive diagnostics, and targeted prevention [4] . There are multifaceted problems linked with the PABC predisposition and increasing prevalence. On the one hand, there is an enhancing tendency of BC prevalence in pregnant women towards the trend of their increasing age at planned pregnancies, specifically in Western countries [6] . Further, an induced abortion is a wellacknowledged causal factor for BC predisposition, and according to the currently available statistics, about a half of all unintended pregnancies ends in abortion. Consequently, some cohort studies consider the pregnancy-related BC portion representing ≥ 20% of all BC cases [4] .
Pregnancy-associated breast cancers are typically found at an advanced stage, are more aggressive, and have a poorer prognosis. Delays in diagnosis of PABC are frequently associated with increased morbidity and mortality. In this regard, our article considers currently available approaches for PABC diagnosis and management with all their pros and cons, suggesting potential improvements to be considered for advanced medical services in order to satisfy the needs of PABC patients, including psychosocial aspects.
Characteristics of patients and the disease PABC patients are most often in their 30s at diagnosis, with a median age of 33 years, and at the end of the second trimester, with a median gestation age of 21 weeks. Up to 80% of cases are found in the second and third trimesters. Histologically, 75-90% involve invasive ductal carcinoma, often in locally advanced stages with nodal positivity (T3, N+), Her2 positivity, and a higher grading (G3). Despite hormonal overload in pregnancy, the prevalence of hormone receptor negative cases (60-70% pregnant versus 25-39% not pregnant) is observed. The phenomenon is explained by downregulation of ER and PR receptors with high levels of free steroidal hormones [7] [8] [9] and the higher proportional occurrence of TNBC as luminal types, as TNBC is typical for the younger age group of patients [10] .
For PABC, there is no proof that a therapeutic abortion improves prognosis [11] . It may become justified if the pregnancy interferes with therapy. Worse results of PABC treatment can be attributed to delayed diagnosis: determining a diagnosis from the first symptoms lasts in pregnancy approximately a month, in comparison with weeks in non-pregnant patients and suboptimal, insufficiently intensive therapy in the fear of exposing the fetus to the toxicity of the treatment. Moreover, the processes of a breast tissue healing and inflammation during involution and remodeling of tissues of the mammary glands after birth and post-lactation obviously share a role in cancer biology (origin or progression). The problems with the late diagnosis of any breast tumor in the pregnancy was the reason for translational research, focusing on modern multiomic approach with the aim to identify specific biomarkers not only for early detection but also for prediction of tumor biology, treatment response, and risk of metastatic spread. Growing evidence demonstrates that it could be the microRNA (miRNA) profile playing the central role in the regulation of the signaling pathways and tumor biology in PABC. Here, the aberrant miRNA expression could initiate cancer development, cell proliferation, invasion, migration, metastatic spread, or drug resistance. Reflecting this, Muñoz-Rodríguez et al. [12] conducted miRNA profiling study on 56 tumors from a series of multiparous Hispanic women and assessed the pattern of expression according to the time since the last full-term pregnancy. The authors recognized 15 miRNAs with significant differential expression between the early and late postpartum groups, while 60% of them were X-chromosome encoded miRNAs. Moreover, two-fold or higher differences in expression in overexpressed miR-17, miR-31, miR-135b, miR-138, miR-454, miR-660, and miR-934 and underexpressed miR-199a 5p, miR-542-5p, and miR-892a, which were found in the early group compared to the late postpartum group. Moreover, the DNA methylation status of three miRNAs (miR-31, miR-135b, and miR-138) was decreased in the early versus the late postpartum group. This concluded that differentially expressed and methylated miRNAs in tumors of the early and late postpartum groups suggest potential differences in epigenetic dysfunction, which may be operative in postpartum BC [12] .
Predictive, preventive, and personalized medicine (PPPM) implemented in the overall management of PABC includes individualized medicine approach which recognizes a multidimensional interaction of internal and external risk factors, genetic background, age, gender, environmental risk factors, lifestyle, culture, and beliefs as well as social status in the overall predisposition of individuals to cancer diseases, the disease development, the natural course of disease, and the response to therapy [13] . BC is extremely complex clinical problem; therefore, the including of new paradigm representing a spectrum of complementary components that constitute the innovative concept of PPPM is needed to solve this medical puzzle [14] .
Currently available diagnostic modalities

Clinical examination
The basis of determining a diagnosis is the case history and a physical examination. Although 80% of the time, a palpable resistance in the breast during pregnancy is benign (adenoma, fibroadenoma, hyperplasia, lipoma, hamartoma, galactocele, abscess, etc.), each de novo arising lesion which persists for more than 2 weeks should be investigated. During pregnancy, the classic symptoms of disease are easily hidden as a consequence of changes caused by pregnancy-hypertrophy of the breasts, colostrum secretion, and others. The trivialization of a palpable lump in the breast not only has a negative impact on the patient but also can lead to serious negative consequences for the examining physician as well. A tumor can be masked under the image of mastitis not responding to antibiotic treatment. To make differential diagnosis of a suspicious find easier, it is important to have a record on the palpation find on the breasts optimally before pregnancy and then to palpate the breast at the beginning of each trimester. Examination of the breasts during pregnancy is, with respect to the ongoing physiological changes in the mammary glands, demanding for interpretation and burdened by a higher false positivity and lower sensitivity [15] .
Radiologic examination
Screening display examinations in tumor diseases during pregnancy are very important, since an appropriate treatment approach is based on them. Ultrasound examination (USG) and magnetic resonance imaging (MRI) are the predominant forms of examination, with USG as the preferred method, as it is completely safe during pregnancy. A USG examination can differentiate a cystic lesion from a solid one, which at the same time can be biopsied. The sensitivity and specificity are not influenced by the ongoing changes caused by pregnancy [16] . Mammographic examination with abdominal shielding is not contraindicated but has limited application in young women. With sufficient shading of the uterus, it is safe in the first and second trimesters. The dose of radiation on the fetus is 4 mGy, which is well under the estimated deterministic threshold, which depending on the source gives from 50 to 100 mGy [17, 18] . It is irreplaceable in depicting microcalcifications, focal asymmetry, or multifocal lesions. It has sensitivity of approximately 86% in pregnancy [16] . With unclear results on the USG examination, MRI is indicated. According to the American College of Radiology exposure to MRI, based on the current knowledge, it is without side effects on a developing fetus in any trimester of pregnancy [19] . Gadolinium (a category C medicament according to the US Food and Drug Administration) should be used only in an absolutely essential case, even though thus far, no undesired effects of gadolinium on the child in all three trimesters of pregnancy have been found [20] . MRI without the use of gadolinium may also provide sufficient information on the invasiveness of a tumor. Although exposure to ionization radiation in distant parts of the mother's body exposes a fetus to low doses of radiation, when accumulated, it may damage the fetus. Radiography of the chest exposes a fetus to a negligible dosage of approximately 0.1 mSv, and 1 mSv is the dose absorbed by the mother [20] . CT of the chest with shielding the belly can be performed in the case of suspicion of the presence of a mediastinal, pleural, and/or lung metastasis.
C/histological examination (tumor biopsy)
Histological examination of a suspicious lesion in breast during the pregnancy has very high importance, even though it includes a certain level of risk hazard, where, e.g., fine-needle biopsy bears the risk of false negative results. Fine-needle aspiration (FNA) of breast masses in pregnant or lactating women is a common procedure, but the cytological interpretation is considered problematic due to the atypia inherent to secretory changes in glandular epithelia. FNA cases from breast masses in pregnant or lactating women can be processed as ThinPrep (TP) and/or direct smears (DS). Heymann et al. [21] by comparing DS to TP found out that TP samples of lactating adenomas (the most common diagnosis for breast masses in pregnant and lactating women/up to 78.5%) demonstrated Blacy^fragments, a tissue-paper-like texture and globular clumps of Bmilky^background material, with embedded singly dispersed Bbare^epithelial cell nuclei containing cherry-red macronucleoli. Moreover, the architecture in lactating adenomas appeared to be disrupted with isolated cells, smaller cell clusters, and lobules. Despite the cellular morphology better preserved in TP biopsies compared to DC, the cytological features of carcinoma on TP were similar to DS.
As the open excision of the breast during pregnancy increases the risk for developing the milk fistula during lactation, the gold standard in the histopathological diagnosis of PABC become a core-cut (needle) biopsy (Fig. 1) yielding sensitivity over 97-98% and low variability range, overweighting the sensitivity of FNA, which varies from 77 to 97% [22] . While FNA offers several advantages, such as the rapidity, low cost, and minimal invasion with good sensitivity and specificity, core biopsy provides higher specificity than FNA with the additional advantage of ancillary tests and comment on the histopathological prognostic markers, which can be influenced by pregnancy hormonal status on the other hand. Thus, it is very important to inform the pathologist that biopsy was taken during pregnancy. Up to 80% of biopsies in pregnancy are of benign dignity; the rest is linked to premalignant or malignant features, when each month of delayed treatment increases the risk of the lymph node involvement by 0.9-1.8% [23] .
D/staging examinations
Staging examinations for the exclusion of distant metastases are not indicated in asymptomatic patients in the early stage of disease (T1-2N0); in others, it is recommended to undergo them [22] . Process includes:
& RTG X-ray image of the chest with abdominal shielding, & USG examination of the liver, & MRI without Gd contrast (whereby it is necessary), and & Low-dose scintigraphy of the body (is also considered allowable).
While indicating X-ray imaging examinations, it is necessary to consider the ratio of benefit for the patient versus risk for the fetus associated with radiation exposure.
E/blood tests (tumor markers)
Tumor markers in PABC scope are used especially for monitoring the effectiveness of treatment. The number of studies which have dealt with examination of serum tumor markers during pregnancy is limited. Tumor marker profile may also be increased during a normal pregnancy, including, e.g., hCG, alpha-fetoprotein, CA 15-3, SCCA, and CA 125 [24] .
Levels of inhibin B, AMH, HE4, and LDH are not raised in sera of mothers during a normal pregnancy, and therefore, they could be used in differential diagnostics [25, 26] .
Nowadays, there occurs other potential markers due to the comprehensive multiomic research, such as genomics, proteomics, metabolomics, and epigenomics, which has been focused on complex understanding of biological functions and dynamics of specific diseases, including breast cancer. In this regard, e.g., miRNA signatures seem to be very promising markers. Apart from tumor microenvironment, miRNAs can be found and isolated from various body fluids including serum, plasma, but also saliva, urine, or breast milk [27] , making them an ideal source for tumor marker study in PABC.
Clinical management of high-risk PABC individuals: general approaches and necessity for more predictive, preventive, and personalized medical services
The important question of modern oncology is the prediction and effective protection against clinical manifestation of the cancer disease by distinguishing between Bsilent^carriers of tumor lesions and individuals who are predisposed to a disease development and progression. Implementing the PPPM, Polivka et al. [4] described the concept for advancing medical devices in the overall management of high-risk PABC women. It comprises innovative screening programs adapted to the needs of young populations relevant to PABC, phenotyping of predisposed individuals, multilevel diagnostics, and preventive measures tailored to the patient. Based on these data, we propose innovative preventive, predictive, and personalized algorithm summarized in Fig. 2 .
Young populations (teenagers, youth) potentially relevant to PABC include several breast cancer risk factors, such as reproductive factors (early menarche), physical inactivity and sedentary lifestyle, previous cancer and chest radiotherapy, and family history of breast cancer or genetic mutation, especially carriers with BRCA1/2 mutation. Exogenous risk factors increasing the risk of BC are environmental risk factors (industrial air pollution or toxic environmental contamination with heavy metals and polychlorinated biphenyls), smoking cigarettes before the first full-term pregnancy, alcohol consumption, flight attendants, type 2 diabetes mellitus, or anorexia nervosa [4] . Currently, genetic testing is not recommended in adolescents under 18 years, as medical surveillance is not usually recommended until around 25 years [28] . Imaging modalities (ultrasound, mammography, and MRI diagnostics) are effective for early BC diagnosis. However, the Fig. 1 The histopathological diagnosis of pregnancy-associated breast cancer by core-needle biopsy. Core-needle biopsy is the gold standard method for breast cancer histological examination. This method is outpatient procedure, well tolerated, and quick. If compared to other biopsy techniques, this method provides significantly better interpretation and tissue characterization than fine-needle aspiration and allows specifying the definitive histopathological diagnosis of PABC. As it is less invasive than vacuum-assisted biopsy or surgical/core biopsy, also the risks associated with this procedure is lower most high-risk breast surveillance programs now offer annual MRI to eligible high-risk women from age 25 to 30, usually supplemented by regular mammography. Regarding younger women, careful screening measures including thorough clinical breast exam, breast self-awareness, and breast selfexaminations are crucial for the detection of preneoplastic and neoplastic lesions. Compared to MRI plus mammography, the inclusion of clinical breast exam (CBE) and/or ultrasound used in high-risk young women has lower impact on the cancer detection. There is now considerable evidence that MRI is by far the most sensitive imaging modality in young high-risk women [28] . The reduction of advanced stage interval cancers (especially in BRCA1/2 mutation carriers) could include screening programs offering additional semi-annual CBE and/or ultrasound or alternate MRI and mammography every 6 months. In this regard, the important question is rising-how long the regular MRI should be continued in young high-risk women? Clinical data on long-term survival and mortality in women undergoing high-risk surveillance with MRI is still rare [29] .
Breast cancer risk assessment that includes the identification of most important markers, phenotyping, and genotyping in young female populations might be extremely useful for innovative screening programs specifically focused on the selection of high-risk population for the PABC development. In this regard, lifestyle factors, reproductive and endocrine Fig. 2 Innovative preventive, predictive, and personalized algorithm for planned pregnancies. The algorithm strongly focuses on the prediction and personalized characteristics by innovative approaches of multilevel diagnostics factors, family history, phenotype, and genotype are crucial parameters defining the BC risk [30] . The risk of early premenopausal BC development increases with tobacco and alcohol consumption, obesity, early menarche, absence or low number of children, number of miscarriages or voluntary termination of pregnancy, length of breastfeeding, and hormonal contraceptive use. When differentiating sporadic BC from familial cases, the history of breast and/or ovarian cancer in firstor second-degree relatives should be taken into consideration. Moreover, within the family history of BC, the parameters like histological type, grade, tumor size, lymph node involvement, metastatic spread, molecular classification, and genotype of BRCA1 and BRCA2 genes presence should be assessed [31] .
In addition to previously mentioned risk factors, young women affected by Flammer syndrome are at the increased risk of the developing fast progressing BC [4, [32] [33] [34] . This knowledge points out to the FS relevance for particularly aggressive BC subtypes such as the triple-negative breast cancer, which is typical for PABC patient cohort. Based on abovementioned data, it seems reasonable to implement valuable screening programs for individuals predisposed for PABC. This clinical approach might be of great importance; it could be applied to teenagers by introducing dedicated questionnaires at the level of primary care (general practitioners).
Predictive clinical approaches applied to the individuals at high risk for premenopausal BC requires multilevel diagnostics including family history, questionnaires, imaging tools, and multiomic approach evaluating predisposition and disease-specific molecular patterns. Currently, the deficits in PABC management include suboptimal screening programs demonstrating many cases with both false-positive and falsenegative diagnosis [35] , the deficiency of screening programs directed specifically on BC predisposition and introduction in young population with individualized risk profiling for more precise diagnostics and treatment options. An apparent lack of studies providing biomarker panels for multilevel diagnostic approaches in the detection of early premenopausal BC warrants the development and successful clinical application of innovative approaches such as using of integrative bioinformatics. The multilevel diagnostic panels consist of genomics, proteomics, epigenetics, miRNA, metabolomics, circulating tumor cells, and cancer stem cells [36] . Predictive biomarkers used for early BC diagnostics detectable by genomics include BRCA1 mutations, MTHFR C677T polymorphism, SNP s28366003 in MT2A, or SNP rs17849079 in PIK3CA. Predictive biomarker patterns detected at epigenetic level in BC include overall DNA hypomethylation. Dysregulations of miR-181a and circulating 9-miR signatures are predictive markers for early BC stages. Moreover, another significant biomarkers of early BC include increased expression of annexin A6 and MMP-9 and dysregulated metabolites, e.g., low levels of histidine, higher levels of glucose and lipids, increased PGE2, enhanced glutamine metabolism (ER and TNBC phenotype), or glycine/serine metabolism (HER2 phenotype). Evaluation of circulating tumor cells is promising clinical diagnostic tool in the detection and associated pathology development of premenopausal BC [37] . However, it is important to mention that despite recent advances in personalized medicine and the identification of novel molecular biomarkers that facilitate diagnostics of early premenopausal BC, the molecular mechanisms of how they exert their effects is still not fully understood [38] . Additional clinical studies aimed on the association of these biomarkers and diagnostics and symptom severity among high-risk BC population are warranted.
The fast advancing era of genomic and molecular medicine provides new possibilities for the most effective accomplishment of PPPM in high-risk population for PABC. It includes innovative approaches of multilevel diagnostics, application of individualized patient characteristics, and creation of optimized screening programs focused on young female populations. This clinical approach is strongly suggested notably for planned pregnancies, with the aim to eliminate the risk of advanced PABC by targeted therapies [4] . New diagnostic strategies including the preventive measures tailored to the risk premenopausal BC individuals, if based on the personalized diagnostic approach, will decrease mortality and improve the cost-effectiveness of medical services in the society.
Treatment management of PABC patients
A personalized therapeutic procedure is important for effective individual patient care. Firstly, it is necessary to develop a better diagnostic method, which is able to predict patients' responses to chemotherapy, radiation, and targeted therapy. The deeper understanding of the molecular background of carcinogenesis has to progress further to accelerate the development of therapeutically effective drugs and more specific diagnostic techniques for personalized treatment. The purpose of personalized treatment is the precise prescriptions to optimize the right drug to the right patient at the right dose at the right time for the right duration [39] . The goals of treating a pregnant patient with BC is to cure, support the pregnancy, and not damage the fetus. A principle aspect, if we try to preserve pregnancy, is the necessity to respect fetal development, especially its vulnerable period of the first trimester. In this period, there is a 17% risk of malformation occurring; therefore, vital indication of cytostatic treatment in the first trimester can be an indication for a therapeutic abortion [40] . The involved patient or a parent of the patient must be fully involved in such a decision. Good results of treatment of pregnant patients with minimum risk for the fetus depend on the erudition of a multidisciplinary team, including a gynecology specialist on risky pregnancy, a neonatologist, and a psychologist. During pregnancy, it is possible to use all basic modalities of treatment-surgical treatment, chemotherapy (CTh), and radiotherapy (RT). Their timing and incorporation into treatment have to maximally consider the presence of the fetus and the specific period of its development. On the other side, the biological treatment is contraindicated in PABC [41] .
Treatment modalities in PABC are affected a lot of interfering factors:
& With a diagnosis of BC in the first trimester of pregnancy, the options are limited. In the case that the patient wants to preserve the pregnancy, surgical treatments are considered, if there has been timely diagnosis of the carcinoma; in the majority of cases, it is necessary to put off treatment to the second trimester. & In the second trimester, CTH can be safely commenced from the 12th week of pregnancy, when organogenesis ends. In the case of advanced findings, neoadjuvant chemotherapy (NACT) is indicated. Routinely, a surgery can be done following adjuvant chemotherapy. Premature birth in the second trimester is burdened by significant fetal morbidity and mortality. & In the third trimester, we can indicate a surgical solution, NACT; induce pulmonary maturation of the fetus; proceed to premature birth; or consider putting off treatment until after birth.
Once the termination of a pregnancy is adopted, it is possible either on the request of the patient to the end of the first trimester or on the basis of oncological indication to the end of the 24th week of pregnancy [42] . The treatment algorithm of pregnancy-associated breast cancer is summarized in Fig. 3 .
Surgical treatment
Surgical treatment of PABC (if indicated) is safe throughout the entire period of pregnancy. Ideal, however, is to postpone an operation until after the first trimester due to the higher risk of miscarriage [43] . It is recommended to operate in a position of the patient moderately on the left side, to adequately use analgesics, antibiotics, and mini-heparinization. Mastectomy (ME) may be indicated during the whole pregnancy, and in the first trimester, it is the method of choice, with respect to contraindication of radiotherapy. It needs to be remembered that in the case of breast-preservation surgery, adjuvant RT must follow. By the end of the second and in the third trimester, breast-preservation surgery comes into consideration, with planning of RT after birth.
Gentilini et al. compared breast-preservation surgery with radical modified ME in a set of 21 patients, and during the 24-month follow-up, no signs of local or regional recurrence were found [44] . Kuerer et al. published similar results of survival among patients treated with ME and breast-preservation surgery [45] . It was shown that conservative surgery in the course of pregnancy is not burdened by significantly higher risk of complications [46] .
Reconstruction operations should be postponed until the period after birth, with respect to pregnancy-related changes in the other breast and the subsequent undesired cosmetic effects [42] . In early BC with clinically negative lymph nodes in the axilla, standard treatment is currently sentinel lymph node biopsy (SLNB). Several works have dealt with the safety of SLNB during pregnancy. It was found that the radiation dose for the fetus does not exceed 0.45 mGy with the use of a 1-day protocol [45, 47] ; furthermore, technetium does not pass through the placental barrier. On the basis of existing experience, the use of technetium was recommended in European international guidelines [48] . Contrary to that, the use of blue dye (isosulfan blue or methylene blue) due to the risk of an anaphylactic reaction for the detection of SLU is not allowed [47] . Regarding the more often occurrence of advanced carcinoma with palpable lymph nodes, complete dissection of the axilla remains the standard procedure.
Radiotherapy
Radiation has dose-and gestational-week-dependent effects on the fetus [6] . Radiotherapy during pregnancy is generally contraindicated. However, it is done in several worldrenowned clinics with the experience and equipment allowing radiotherapy. Radiotherapy can be safely applied after a careful dose adjustment (exposures of 0.01 mGy are below the threshold dose) and if not targeting the pelvis or abdomen. It can be carried out in the first and at the beginning of the second trimester of pregnancy using the appropriate abdominal shielding. Radiotherapy becomes riskier as the fetus grows and uterus reaches the radiotherapy area [49] . Children exposed to radiation therapy are under the increased risk of intrauterine growth restriction, mental retardation, and have increased risk of developing cancer during their childhood [50] . Treatment of progressed stages of BC should include surgery, chemotherapy after the first trimester, but wait with radiotherapy after delivery [51] . Women who undergo radiotherapy can keep on breastfeeding even though due to the increased risk of post-radiation mastitis, they should only feed the infant from the healthy breast [52] .
Delaying radiotherapy in the management of PABC is likely to lead to an increased rate of local recurrence. Several studies have dealt with the question of deferring radiotherapy in PABC. A retrospective analysis of 13,907 patients in stages I and II determined a worsening prognosis for patients with delayed RT for longer than 3 months [53] . Chenet al. conducted a meta-analysis of 20 publications dealing with the deferment of radiotherapy and its impact on patient prognosis. This study suggested that recurrence rate increases by 1% by each month of deferment of radiotherapy [54] . At the same time, in patients who are diagnosed during the course of second half of pregnancy, the start of radiotherapy could be postponed until after delivery without worsening maternal outcome [51] .
Chemotherapy and supportive treatment
Physiological changes in pregnancy can have an impact on the effect of the cytostatic treatment. Therefore, the lack of information on pharmacokinetics and pharmacodynamics of cytotoxic medicines in pregnant women is not surprising [55] . CTh may be indicated to patients with locally advanced BC either as a preoperative (neoadjuvant) therapy or as an adjuvant therapy with negative prognostic factors. The use of CTh during pregnancy has been the subject of many studies, including preclinical ones with experimental therapy. Data on the transplacental transfer of cytostatics and their metabolites are predominately available only from animal models, which show that thanks to a placental barrier equipped with protein pumps (P-glycoprotein, multidrug resistance protein, breast cancer resistance protein) the levels of anthracyclines, docetaxel, paclitaxel, vinblastine, and cyclophosphamide in fetal blood are low [15] .
In the first trimester, cytostatics work as a teratogen on the fetus, in general [40] . Treatment after the 14th week of pregnancy is generally considered to be relatively safe. Exposure to CTh in this period does not increase the risk of malformations. There is higher risk of IUGR, ascribed more to hyponutrition and anemia of the mother during CTh, and the risk of myelosuppression, especially with therapies shortly before birth. The following cytostatics are considered safe: anthracyclines (adriamycin A, epirubicin E), 5-fluorouracil (F), and cyclophosphamide (C). These schemes are preferred and verified: AC, EC, FAC, and FEC. At present, the most experience in BC has been with the FAC regimen, whose use Fig. 3 Treatment algorithm of pregnancy-associated breast cancer. CHT chemotherapy, USG ultrasonography, MRI magnetic resonance imagining, ME mastectomy, ALND exenteration of the axilla, SLNB sentinel lymph node biopsy. Asterisk indicates that it is acceptable to wait 2 to 4 weeks for maturation has been published in prospective studies with minimal occurrence of complications [56] . Taxanes (paclitaxel) and vinorelbine are probably safe, as well. Therapy with bisphosphonates is due to its potential teratogenic effect in pregnancy contraindicated, although no changes were observed in the body of newborns exposed to their use [57] . The dose on the surface of the body is calculated according to the actual weight, not the weight of the patient before pregnancy. In the course of supporting therapies, it is possible to use setron antiemetics, metoclopramide, and corticoids (hydrocortisone and methylprednisolone are given preference over hydrocortisone and methylprednisolone dexamethasone). Chemotherapy during PABC is advised to be discontinued 3 weeks before delivery or after 35 weeks of gravidity, with the aim of minimizing the risk of sepsis and hemorrhage in the mother or newborn [15] . This provides time for fetal drug excretion via the placenta, mainly for preterm babies with a limited ability to metabolize drugs through immature liver and kidneys. Chemotherapy can continue after adequate recovery from delivery. Breastfeeding is contraindicated during chemotherapy and can proceed 3 to 4 weeks after the last administered dose [58] .
Most recently, a 20-year international cohort study of 1170 oncological patients receiving treatment during pregnancy showed 955 (88%) of 1089 singleton pregnancies ended in a live birth, of which 430 (48%) of 887 pregnancies ended preterm [59] . BC was the most frequent oncological disease (39%) in pregnant women. Each 5 years, the authors found more live births (RR 1.04, 95% CI 1.01-1.06) and fewer iatrogenic preterm deliveries (0.91, 0.84-0.98). Moreover, data suggested a relationship between platinum-based chemotherapy and small size for gestational age (odds ratio [OR] 3.12, 95% CI 1. 45-6.70) , and between taxane chemotherapy and the neonatal intensive care unit admission (OR 2.37, 95% CI 1.31-4.28). Anthracyclines (e.g., epirubicin and doxorubicin) are the most widely used chemotherapeutic agents, as they have a favorable safety profile when administered during pregnancy [60] . However, BC treatment during pregnancy using anthracyclines is sometimes associated with early and late toxicity for the fetus, characterized by cardiac and neurodevelopmental toxicity and low birth weight and birth defects. The risk of congenital malformations is not increased [61] .
It is crucial to regularly observe the detailed fetal heart anatomy during the curse of the anthracycline-based chemotherapy treatment. If fetal heart shows signs of damage, it is inevitable to choose alternative therapeutic options. Future research of specific pharmacokinetics and pharmacodynamics of chemotherapeutic drugs in most vulnerable fetuses will improve the choosing of suitable treatment [62] .
Alternative treatment choice is found in taxanes [63] . Even though fewer studies have evaluated taxanes compared to anthracyclines and they were done on smaller number of patients, a good tolerability in fetus was observed in vast majority of pregnancies. It might be associated with P-glycoprotein, which is highly expressed in maternal part of the placenta and protects the fetus against xenobiotics and might reduce transfer of taxanes through placenta [64] .
Biological and hormonal treatment
Biological treatment is based on using the body's immune system to treat a disease and protect the body from some of the undesirable effects of certain standard treatments. Biological and molecular targeted therapies have been introduced into standard clinical practice in the last 10 years and are continuously in the development within clinical trials. Biological targeted therapy applied in cancer treatment includes several categories of molecular targets (i.e., cytokines, monoclonal antibodies, cellular therapies, vaccines, or angiogenesis inhibitors). However, regarding the PABC, biological treatment is contraindicated [41, 65] . There is limited experience with anti-HER-2 biological treatment (trastuzumab, lapatinib). HER-2 plays a pivotal role in embryonic cardiac development and acts as an important recovery pathway when the heart is exposed to stress [66] . Moreover, HER-2 is linked to the function of fetal kidney. Clinical practice demonstrated the use of monoclonal antibodies without undesirable consequences in the first trimester of pregnancy. However, trastuzumab crosses the placenta at increased levels starting in the second trimester. Several cases of patients with PABC elected to receive trastuzumab following the first trimester [67, 68] . Several other women unintentionally became pregnant during the treatment with trastuzumab. Despite the fact that the majority of patients were exposed to this monoclonal antibody during the first trimester, no cardiac events or anomalies were found. On the other hand, it is important to mention that very few cases reported long-term follow-ups for the newborns. Regarding the fetal kidney, the treatment in the second and third trimesters leads to oligohydramnios to anhydramnios (incidence up to 61.1%), with the incidence increasing with duration of treatment [61, [68] [69] [70] [71] . These results have been imputed mainly to the inhibitory effect of trastuzumab on HER-2, which is highly expressed on the fetal kidney responsible for the production of amniotic fluid. However, oligohydramnios seems to be reversible when discontinuing trastuzumab, with good clinical outcome found in these pregnancies. An international collaborative study evaluated the prognosis of women with primary breast cancer diagnosed during pregnancy [72] . Investigators assessed the disease-free survival and overall survival on exposure (pregnant or not), adjusting for the age, stage, grade, hormone receptor status, human epidermal growth factor 2 status, histology, type of chemotherapy, use of trastuzumab, and radiotherapy. The results showed similar overall survival for women diagnosed with PABC compared to nonpregnant women.
These data support the option to start treatment of BC with the continuation of pregnancy.
Another monoclonal antibody bevacizumab targets VEGF, which is a key regulator of angiogenesis. Angiogenesis is a very complex process, therefore is crucial during embryogenesis. VEGF receptor 2 has been described as very important for the vitality of corpus luteum, which is an endocrinal organ supporting the pregnancy development [73] . Moreover, VEGF is a regulator of the amount of the amniotic fluid produced by the fetal kidney. The administration of bevacizumab in pregnant mice resulted in disruption of survival of the preexisting blood vessels in the corpus luteum and terminated the embryonic development [74] . The administration of bevacizumab to BC women is associated with an increased risk of hypertension and proteinuria [75] . These side effects are major problem if encountered during pregnancy, because it would increase the risk of developing preeclampsia, which could endanger the pregnancy with the adverse consequences for maternal and fetal health [76] . To date, there are no data describing the administration of bevacizumab in PABC.
Hormonal therapy is also contraindicated during pregnancy [77] . Gonadoliberins (LHRH analogues) interfere with gestation, and tamoxifen is known serious teratogen, with 20% risk of malformation of the cranio-facial area (Goldenhar syndrome) and genitalia [51] . Moreover, tamoxifen is also transmitted into milk; therefore, it is contraindicated during the breastfeeding, as well [78] .
Novel clinical approaches
Preventive multiomic approach within PPPM plays a crucial role in the determination of specific genetic disorders through population screening for carriers of rare, fully penetrant alleles that cause monogenic diseases, and in the genotyping of susceptibility genes within families at high risk of BC development, and thus provides the background of public health genetics [13] . The current management of the PABC requires creating new diagnostic strategies better adapted to the needs of clinical care. Predictive diagnostic approaches (specifically in premenopausal women), innovative screening programs focused on young female populations, targeted prevention in high-risk groups, and optimized treatment concepts are necessary for better controlling of PABC [4] . Recently, miRNAs have emerged as molecular regulators that may play key roles in the pathogenesis, progression, or drug resistance of different malignancies, including BC. These miRNAs can be found circulating body fluid, suggesting their role as non-invasive marker with the use of liquid biopsy. Among circulating miRNAs with well-documented aberrant activation in BC patients are, e.g., miR-16, miR-18a, miR-21, miR-145, let-151a, and miR-155. Well-described tissue-specific miRNAs are miR-7, miR-21, miR-145, miR-155/154, miR-182, miR-203, and miR-213 [79] . MicroRNA profiling studies in different solid tumors have demonstrated cancer type-specific deregulations of tumor suppressor genes [80] . In particular, miR-21 has been observed to be commonly overexpressed in different solid tumors, including breast cancer. Walter et al. [81] evaluated the expression levels of miR-21 in PABC cases to assess its role in the transcriptional regulation of target genes, i.e., PTEN, PDCD4, and Bcl-2, and consequently the impact on tumor onset and progression. The results supported the concept that miR-21 may play a potentially important oncogenic role in breast cancer not only in non-pregnant but also in pregnant women. Overexpressed miR-21 may be a possible indicator of poor prognosis in PABC. This clinical study demonstrated that circulating or tissue-specific miRNAs could potentially serve as promising biomarkers for the detection of early disease stages, prediction of prognosis, and treatment monitoring of the patients with PABC. Additional very perspective and important biomarkers of BC disease in nonpregnant women, such as circulating tumor cells or cell-free DNA, have not yet been described in PABC.
Psychological aspects related to PABC
Once BC is diagnosed during the pregnancy, consequences are frequently dramatic such as psychological aspects of the decision by choosing between following choices:
1. Interruption of the planned pregnancy which might be the first and the last one in individual cases without a perspective to give a birth to the child in the future. 2. To treat the pregnant women with a potential to damage the fetus. 3. Not to treat the mother until the delivery with the potential consequence of very poor outcome of the delayed treatment.
Patient and the medical team face complex ethical concerns and several dilemmas when dealing with PABC. No specific medical evidence exists which would favor termination of the pregnancy over keeping it or postpartum delayed treatment, in means of improving maternal prognosis [58] . That is why there is no medical protocol for PABC. It is completely up to the mother's personal decision whether to end or proceed with the pregnancy during PABS. She should be offered complex and extensive discussion of the topic with the medical team [82, 83] . The impact of the diagnosis of PABC on maternal health, fetal outcome, and risks to the fetus should be considered on an individual basis [58] .
The analysis of existing research and literature on PABC has shown that the psychological aspects of this disease, as well as the psychological state of the patients, are rather neglected topics. Furthermore, the possibilities for a personalized approach to the treatment of these patients with psychotherapy are a topic that is a real challenge. The most important and current issues pertaining to psychological aspects and conditions are mainly focused on the maternal prognosis followed by the effects of the therapy on the fetus and the risk of continuing with the pregnancy. Emotional states as an integral part of the psychological state of these patients are not less important. Apart from anger, grief, anxiety, sadness, and fear [84] , the psychological problems include concerns regarding fetal survival and pregnancy outcome. After dealing with problems associated with pregnancy, concerns arise about body and sexuality, loss of fertility, premature ovarian failure, and future childbearing [85] . Important psychological aspects are, of course, uncertainty and insecurity about a relapse of the disease, as well as socioeconomic consequences that can lead to stress related to losing a career or dismissal from workplace.
Furthermore, recent study conducted by Rodsten et al. raised awareness about the importance of experience of patients with PABC. This study focused on major themes such as (1) experiencing a clash of priority between baby's life and mother's life, versus mother feeling in alliance with baby; (2) having perceptions of being physically and emotionally saved by the pregnancy and baby; and (3) experiencing a loss of being a mother [86] . Patients with PABC experience psychological challenges concerning identity and new role as Bmother-patient,^maternal-infant attachment, coping and support, and impact on family life and relationships.
Psychosocial support and treatment
Counseling and supportive psychotherapy, social support from the patient's family, and health professionals may improve the patient's emotional status. In conditions where besides counseling and supportive psychotherapy, there are no empirical data on the effects of the influence of a particular type of psychotherapy in patients with PABC, there is room for debate and questions about which psychotherapy would be most appropriate and with the greatest effect in these patients. Rodsten et al. claimed that cognitive behavioral therapies (CBT), including individual and family systemic approaches, are appropriate within a flexible structural format to accommodate PABC and treatment effects, and especially parenting behavior, wishes, and responsibilities [86] . Having in mind the latest systematic review papers and meta-analyses related to the efficiency of CBT in cancer patients, we consider CBT psychotherapy to be a solid foundation for creating and implementing interventional, personalized programs in patients with CBT.
Recently, CBT has introduced a more trans-diagnostic/process-based and personalized approach. Its primary goal is to link the therapeutic technique to the process and the individual client [87] . CBT is nowadays considered as the gold standard of psychological treatment as it is the most researched form of psychotherapy; there is no data showing superiority of any other form of psychotherapy, and in addition, the CBT theoretical models/mechanisms of change have been the most researched and are in line with the current mainstream paradigms of human mind and behavior (e.g., information processing) [88] [89] [90] . Even though support from psychotherapists or counselors are essential for successful therapy, the role of family and friends should not be neglected.
Conclusions and expert recommendations
Malignancies are one of the leading causes of mortality in women during their reproductive life. The effects of treatment of gynecological malignant tumors, including breast cancer, during pregnancy is possible, although it creates a conflict between care of the mother and the fetus. Oncological treatment must be individualized with an emphasis on optimal care of the mother, while observing standard treatment protocols with regard to safety of the fetus. A treatment protocol should be elaborated on an individual basis, bearing in mind the morbidity of the mother, the effect of treatment, and the maximum probability of survival. Complex consulting on treatment options, their impacts on pregnancy, and potential teratogenic effects should be explained in detail to each pregnant patient before commencing treatment. Complications that arise during treatment of breast cancer in pregnancy require a supportive multidisciplinary team, which included neonatologists, perinatologists, oncologists, obstetricians, teratologists, and toxicologists, and provide psychological support throughout the pregnancy and after giving birth. Cumulative research and clinical experience in recent years has improved our understanding of the management of breast cancer during pregnancy. Psychological aspects of PABC and psychological states and issues are important, but neglected and not well-explored topics. We further argue for an integrated scientific psychotherapy, with CBT serving as the foundational platform for integration. This knowledge helps physician and families with complex decision regarding treatment of the mother and safety of the unborn child. Specific psychological states and mental health consequences associated with PABC are strong arguments in favor of predictive diagnostics and targeted preventive measures for planned pregnancies in order to avoid PABC with all negative consequences to the mother, baby, family, health care system, and society at large.
Importantly, value-guided medical approach to economically valid screening programs is necessary regarding the consistent management of PABC. However, no any population (screening) programs, no generally accepted risk factors, and no standardized preventive diagnostic methods specifically focused on PABC are currently available. The establishment of this new concept using appropriate clinical evaluations and measures (mentioned above) is crucial due to the emergency of this medical problem. In this regard, we must emphasize the key role of PPPM in the management of cancer disease which is aimed to substantially decrease the number of deaths, improve the early detection, develop state-of-the-art diagnosis and treatment, improve the quality of life of patients, and develop easy-to-use kits for diagnosis [39] . It is evident that a paradigm shift is needed to move from reactive to predictive, preventive, and personalized medicine as a new philosophy, promoting an integrated approach combining advantages of individual bio/medical fields and consolidating a multiprofessional collaboration [13] .
